Abstract: Human melanocortin-4 receptor (hMC4R) among MC-Rs, expressed in the brain, is in charge of the control on energy homeostasis and food intake. The structure and function of human MC4R have been studied to understand their essential function and roles. To investigate the structure and function, it is necessary to prepare sufficient amounts of proteins. However, their expression and purification is demanding and time-consuming due to their innate insoluble and toxic properties. The heterozygous mutations of hMC4R, exchange of Asp 90 to Asn located in second transmembrane, cause severe obesity in human. To obtain purified hMC4R wt-TM2 for structural studies, it was first over-expressed and purified by fast protein liquid chromatography (FPLC) and then solution NMR studies were performed to get high-resolution spectra. In here, we established optimized purification scheme to get more purified target peptide.
INTRODUCTION
The melanocortin receptors (MC-Rs) that contain five subtypes are member of the G protein-coupled receptor (GPCR). 1 The MC-Rs are responsible for the control of energy expenditure and intake. 2 Melanocortins exert various functions by activating MC-Rs of cell surface integral membrane protein. Five subtypes in melanocortin receptors have been cloned and are named from 148 
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MC1R to MC5R in accordance with the sequence of their cloning. They reveal dissimilar functions based on localization. The MC1R is the classical melanocyte-stimulating hormone receptor (MSHR) expressed in the mammalian skin and hair color that controls pigment. 10 The MC2R is the classical adrenocorticotropic hormone receptor (ACTHR) that is expressed in the adrenal cortex regulating growth and adrenal steroidogenesis. 11 The MC3R and MC4R are called neural MC-Rs because of expression in the brain. 12 The MC5R is induced in their exocrine glands and regulates the serum of these glands. 3, 4 All melanocortin receptors are signaled principally through intracellular cyclic adenosine monophosphate. 5 The MC4R of melanocortin receptors, expressed in the brain, plays a significant role in the control of energy homeostasis and food intake 6 , because hypothalamic melanocortin system consisting of the MC4R and its ligands maintains these functions as known in numerous studies. 7 The mutations of MC4R, exchange of Asp90 to Asn located in second transmembrane domain, cause an early-onset form of obesity in human. Functional analysis of this variation indicates that obesity-associated defects ranging from constitutive activation to loss of function appear. 8 Single missense mutation (D90 to N) in MC4R gene decreases MC4R signaling and cAMP content. 6 In order to study the function and structure of hMC4R wt -TM2 peptide, we prepare suitable amounts of protein before, even though, expression and purification of transmembrane protein is severely difficult, time-consuming, and a lot of cost because of their insolubility and toxicity. 13, 14 However, we could find that target peptide contains decent amount of KSI-fragment. Therefore, we spend more time optimizing the purification method such as chemical cleavage, FPLC, and dialysis.
EXPERIMENTAL METHODS

Expression of the KSI-hMC4R TM2 fusion protein
For the expression, single colony of fusion protein was used for cell culture dish containing LB medium with 13.2 µM carbenicillin (Amresco, USA). This colony was cultured overnight at 37 ℃.
Pre-culture was incubated from cell stock in 50 ml LB medium that contains antibiotics to prevent other bacteria from growing in shaking incubator at 37 ℃ for 16 hours. After finished pre-culture, 10 The frozen pellet harvested was lysed from 100 ml lysis buffer (15% glycerol, 20 mM Tris, 500 mM NaCl) and 0.05 g lysozyme (Sigma, USA) for about 3 hours. After cell lysis, it was lysed by mechanical method with ultra-sonication operated four cycles at 2.5 s on and 9.9 s off for 19 min on ice bath. The cells were disrupted chemically and mechanically, and then were centrifuged with 13,200 rpm at 4 ℃ for 30 min. The pellet containing fusion protein was dissolved in binding buffer (6 M guanidine-HCl, 20 mM Tris, 5 mM Imidazole, 500 mM NaCl, pH 8.0) for overnight to denature its folded structure. Subsequently, to remove impurities it was necessary to centrifuge mixture at with 13,200 rpm 4 ℃ for 30min. Ni-NTA column was used for separation of fusion protein after centrifuge. The fusion protein was eluted with elution buffer (500 mM NaCl, 10 mM Tris, 6 M guanidine-HCl and 500 mM Imidazole, pH 8.0). To remove salt and denaturing agent, the eluate was dialyzed against deionized distilled water using a 10 kDa molecular weight cutoff (MWCO) tubing for a day at room temperature. The fusion protein after dialysis was refolded to their native insoluble state and formed as white precipitates. This precipitates were collected and lyophilized.
The fusion protein after lyophilization was dissolved in 70% formic acid (Sigma, USA) at a concentration of 5 mg per milliliter and fresh solid state cyanogen bromide (Sigma, USA) was added at a concentration of 100 mg per milliliter to cleave chemically the methionine residues from the fusion protein. And then, the mixture was placed in the dark room at room temperature for 5 hours. 
Purification of the hMC4R TM2 peptides
For purification of the cleaved fusion protein, fluffy products were dissolved in FPLC buffer (100 mM Na 2 HPO 4 , 20 mM DTT, 4 mM SDS, 1 mM EDTA, 1 mM NaN 3 ) with bath sonication and filtered off impurities using a 0.45 µm pore size syringe filter. The solution was applied to a Superdex 200 prep grade column on AKTA FPLC system (GE Healthcare, USA). The column was eluted with FPLC buffer at room temperature and a flow rate of 1 ml/min. The sample fractions were collected by auto-fraction. Each fraction was confirmed by 12% Tris-Tricine PAGE. Eluate including micellized hMC4R TM2 peptides was dialyzed against deionized distilled water using 1000 MWCO tubing for four days at room temperature for removal of SDS and salts and followed by lyophilization. Dialysis time is also optimized.
Identification of the hMC4R TM2 peptides
In order to identify purified hMC4R TM2 peptides, these peptides were analyzed by AB 
Purification of the KSI-hMC4R TM2 fusion protein
The fusion protein was dissolved in 70% formic acid and chemically cleaved with CNBr.
The band intensity of fusion protein, 17.9 kDa, was reduced and new four bands corresponding to the KSI of fusion partner protein (13.5 kDa), hMC4R-TM2 (3.3 kDa), and incompletely cleaved fusion proteins (16.8 kDa, 4.6 kDa) appeared as shown in Fig. 1, line7 . To compare band intensity of hMC4R-TM2 depending on cleavage time, 12% Bis-Tris PAGE was conducted as shown in Fig. 2 . 
Identification of the hMC4R-TM2 peptides
The purified peptide using MALDI TOF/TOF mass spectroscopy has been analyzed prior to the structural studies. The experiment was carried out on reflector mode for improvement of the resolution. Fig. 4 is shown MALDI-TOF MS spectra of fraction number 24 and 19 in Fig. 3(a In order to analyze a secondary structure of hMC4R-TM2 peptide, CD experiment was performed. The spectrum was recorded from 190 nm to 250 nm. The CD spectrum showed that the peptide adopts α-helical structure with evidence from the maximum absorption of 190 nm and the minimum absorption observed at both 208 nm and 220 nm as shown in Fig. 6 . But CD spectrum at a 0 mM of SDS was displayed random coil structure of peptide. Also this spectrum represented random coil structure independent on its SDS concentration for 4 hours of cleavage time as shown in Fig. 6(d) . 
Conclusions
Over-expression and optimized purification of hMC4R-TM2 peptide had been performed to achieve enough amount of peptide. 13 There were, however, other impurities except target protein during identification. Therefore, additional purification procedure like cleavage time, dialysis, and FPLC had to perform for optimization. Tris-tricine PAGE, FPLC chromatography, MALDI-TOF MS, CD, and solution NMR spectroscopy are used to identify the target peptide and purity.
